was fairly stable at 30°C for 5 h.
Like other herpesviruses, human cytomegalovirus (HCMV) is well known for its ability to establish persistent infection in humans or in tissue culture cells (22) . Serum antibody against HCMV is not effective to prevent the establishment of persistent infection (14, 28) and cannot suppress reactivation of the virus in man (2, 21. 23) . Also, maternal antibody cannot protect new-borns from HCMV infection (24) . On the other hand, the cellular immune mechanism is considered to be very important in infections by herpesviruses (16) . There have been many reports on cellular immunity to herpesviruses that have used lymphocyte proliferation as the indicator of the extent of immunity and infected cells (19, 34) , purified virions (9, 10, 19, 28, 29, 32) , or soluble extracts from cells infected by the virus (2, 3, 21, 35, 39) as the HCMV antigens.
Before the appearance of viral structural proteins in cells infected by viruses, early proteins and virus-specified cell surface antigens are induced. In the case of HCMV, the presence of virus-induced antigens on the surface of or inside cells infected or transformed by the virus has been reported (4, 8, 30, 31, 33) . However, the immune response against HCMV-induced early products has not been well clarified. In the course of our study on the interactions of HCMV with lymphocytes, we discovered mitogenic activity in extracts of HCMV-infected human embryo fibroblasts (HEF). This report describes the characterization of this activity. After removal of adherent cells, rosette formation and fractionation of lymphocyte subpopulations were performed by the methods of Jondal (12) . Briefly, 3 ml of nonadherent cells (2.5 x 107/ml in undiluted, heat-inactivated fetal calf serum) was mixed with 1.2 ml of sheep erythrocytes (2.5 x 109/ml in the same serum), and the mixture was incubated at 37°C for 15 min and then at 4°C for 1 h. The E-rosetting cells were separated from the non-E-rosetting cells by the Ficoll-Conray method, and the E-rosetting subpopulation which formed the pellet was recovered by osmotic lysis of the sheep erythrocytes with 0.83% Tris-buffered NH4Cl. The non-E-rosetting cells, which were suspended in 6 ml of Peck Click medium (2.4 x 106/ml), were mixed with 2.4 ml of EAC suspension (1.0 x 109/ ml), and then the EAC-rosetting cells were separated from other cells by the Ficoll-Conray method. After lysis of sheep erythrocytes, these cells were used as the EAC-rosetting subpopulation of lymphocytes. The The presence of mitogenic activity in EE was further confirmed by stimulation by EE of lymphocytes from antibody-negative rabbits. EE stimulated both the E-rosetting and the EAC-rosetting subpopulation of human lymphocytes, whereas, as already well known, phytohemagglutinin only stimulated the EAC-rosetting subpopulation (Fig. 2) . The phytohemagglutinin concentration of 1 to 2.5 p.g per well was shown to be optimal for stimulation of the EAC-rosetting lymphocytes in a preliminary experiment. After five cycles of freezing-thawing (-20 and 4°C), the mitogenic activity of EE was diminished considerably. EE (1:5 dilution) was incubated at 4 or 30°C before its addition to lymphocytes. The mitogenic activity decreased considerably after 12 h of incubation at 30°C, and gradual inactivation was also observed even at 4°C. Incubation of EE for 1 h at 50 or 60°C completely inactivated its mitogenicity.
It has been supposed that cellular immunity is more important than humoral immunity in the prevention of and recovery from infections by HCMV and other herpes group viruses (2, 14, 20, 23, 24, 28) . To study lymphocyte proliferation induced by HCMV-related substances, it is important to differentiate specific blastogenesis from nonspecific blastogenesis, i.e., antigenic stimulation from mitogenic stimulation. Stimulation of lymphocytes from CF antibody-positive donors by HCMV dense bodies has been reported by Sarov et al. (27) , but the extent of blastogenesis was small and the stimulation indices were between 2.5 and 5.8 in 4 cases out of 18 adults. On the other hand, our preparation of early HCMV products (EE) stimulated adult lymphocytes to a great extent without exception. In general, the level of lymphocyte stimulation by specific antigen is low, and the maximum level can be attained 3 days later than that of lymphocyte stimulation by nonspecific mitogen or lectins (37) . The fact that EE stimulated human cord blood lymphocytes and rabbit lymphocytes supported the idea that EE contains mitogenic substance(s). Others also reported the results of lymphocyte proliferation induced by CF antigen which was prepared as we have described, but they could not confirm the presence of mitogenic activity (25, 36, 39 (31) . In the field of animal virology, there have been several reports concerning mitogenicity of viruses. Hemagglutinin spikes of influenza A virus were reported to be a mitogen (6) . UV-irradiated herpes simplex virus was reported to have the ability to stimulate the non-E-rosetting subpopulation of human cord blood lymphocytes (38) , whereas the virus could stimulate T-cells from presensitized donors only (1). Epstein-Barr virus and HCMV have been known as the etiological agents of mononucleosis in humans; in the case of Epstein-Barr virus, B cells were stimulated to proliferate only when the virus retained its infectivity (11) . Another unique feature of this mitogenic activity in EE was its mitogenicity to both the E-rosetting and the EAC-rosetting subpopulations; the extract, however, did not affect the DNA synthesis of BALB/3T3 cells when added to the culture medium at their Gl stage (data not shown). The significance of the mitogenic activity in EE with respect to phenomena observed in vivo after infection by HCMV should be elucidated. In this connection, the report by Lemon et al. (15) that atypical lymphocytes of HCMV mononucleosis
